Abstract: Age-related changes in hematological values, serum biochemical constituents, and weights of various organs in both sexes of the Spontaneously Hypertensive (SHR/Izm), Stroke-prone SHR (SHRSP/Izm), and Wistar Kyoto (WKY/Izm) rat strains, bred under SPF conditions, were examined to obtain fundamental data. The body weights from 3-30 weeks and systolic blood pressure from 6-30 weeks in each strain were measured every week. At the ages of 8, 16, and 30 weeks, the hematological values (erythrocyte, hemoglobin, hematocrit, leucocyte, thrombocyte), serum biochemical constituents (total protein, GOT, GPT, ALP, BUN, creatinine, glucose, total Ca and phosphorus, and ionized Ca, Na, K, and Cl were measured. Also, the organs, brain, heart, lung, thymus, liver, spleen, pancreas, bilateral kidneys, adrenal glands, testes/ovaries, digestive tract, and muscle (soleus) were weighed. The age-related changes as well as the strain and sex differences in each measured item were examined. The body weights of each strain increased, but rate of the increase was less in SHR and SHRSP, and was lowest in SHRSP. The blood pressure of SHR and SHRSP elevated with age, and showed higher in SHRSP than SHR, while that of WKY did not change. There were many strain differences in most measured items at each time point, particularly at 30 weeks. In SHRSP, high values of BUN, creatinine, total and ionized Ca, weights of brain, heart, liver, kidney and digestive duct were observed at most time points indicating that this strain's abnormality of calcium metabolism may be related to functions of the kidney and digestive duct as well as hypertension.
The spontaneously hypertensive rat (SHR/Izm) and stroke-prone SHR (SHRSP/Izm) and Wistar Kyoto (WKY/Izm) rats are widely using for the study of hypertension [7] . SHR was separated from WKY in 1959 and established as an inbred strain to induce spontaneous hypertension in 1971. SHRSP was separated from SHR in 1966 and established as an inbred strain to induce spontaneous cerebral apoplexy in 1973. WKY was established as an inbred strain in 1971. We have also found that in SHRSP in particular osteoporosis occurs spontaneously [1, 5, 6] . There are few anatomical and physiological data for these strains, therefore we measured body weight weekly from 3-30 weeks and blood pressure from 6-30 weeks, and hematological and serum biochemical values, and weights of organs at the ages of 8, 16 and 30 weeks in male and female SHR, SHRSP, and WKY rats.
The animals used were as follows: 32 males and 32 females each of the WKY and SHR strains, and 35 males and 36 females of the SHRSP strain bred under SPF conditions in the Laboratory of the Disease Model Cooperative Research Association. The breeding room was kept at a controlled temperature of 22 ± 2°C and a relative humidity of 55 ± 5%, with a 12-h dark-light cycle. Rats were given Funabashi SP diet containing 1% NaCl (Funabashi Farm Co.) and distilled water freely.
The body weights of rats were measured by balance (PE-6000, Mettler Ltd., Japan). Blood pressure was measured by the tail-pulse pickup method (UR-5000, Ueda Co. Ltd.). Blood was drawn from the caudal vena cava under anesthesia by chloroform and divided into two tubes. One tube for hematological examination was used immediately after blood collection. Another tube was centrifuged at 3,000 rpm for 15 min to obtain serum, and the ionized calcium (Ca 2+ ), sodium (Na + ), potassium (K + ) and chlorine (Cl -) were measured just after serum separation, with the remaining serum being frozen at minus 20°C for later biochemical analyses.
The measured items and methods were as follows. Hematological examinations for erythrocytes, hemoglobin, hematocrit, leucocytes, and thrombocytes were performed with a blood cell counter (Sysmex K-1000, TOA Co., Japan). Serum total protein was obtained by a physical meter method (refractometer, Atago Ltd., Japan), and serum biochemical constituents, glutamic oxaloacetatic transaminase (GOT), glutamic pyruvic transaminase (GPT), alkaline phospatase (ALP), blood urea nitrogen (BUN), creatinine, and glucose were obtained by an autoanalyzer (Express Plus, Ciba-Corning Diagnostics, USA). Total calcium was obtained by the o-cresolphtalein complexone method and phosphorus by the molybdenum blue method (Calcium C-test kit, and Phospher B-test kit, Wako Pure Chemical Industries, Ltd., Japan). Ca 2+ , Na + , K + , and Cl -were obtained by an ion electrode method (Sera series, Horiba Ltd., Japan), respectively.
Organs such as the brain, heart, lung, thymus, liver, spleen, pancreas, bilateral kidneys, adrenal glands, testes/ovaries, and digestive tract (from esophagus to colon) and skeletal muscle (soleus) were extracted, and fat was completely removed. The weights of organs were measured by balance (AE-100, Mettler Ltd., Japan).
Statistical analyses were performed by one-way ANOVA test and the Student's t-test. A value of p<0.05 was considered statistically significant.
The body weights of both sexes in each strain increased rapidly from 3 weeks to 8-10 weeks and then continued to increase gradually to 30 weeks (Fig. 1) . In the males, the differences in body weights of the three strains were enlarged after 8-9 weeks, and the values (mean ± SD) in the SHR, SHRSP and WKY rats at 30 weeks were 405 ± 19 g, 334 ± 29 g, and 464 ± 14 g, respectively. In the females, the body weights were lower than those of the males in all strains, and were lower in SHR and SHRSP than in the WKY after 8 weeks. The values (mean ± SD) in the SHR, SHRSP and WKY rats at 30 weeks were 212 ± 8 g, 196 ± 18 g and 262 ± 13 g, respectively.
The systolic blood pressures in both sexes of SHR and SHRSP rats were 180-200 mmHg at 6 weeks of age. Thereafter, the blood pressures of SHRSP elevated to 250 mmHg at 8 weeks in males and at 17 weeks in females, and to 300 mmHg at 18 weeks in males and at 28 weeks in females, respectively. Those of the SHR elevated to 230-250 mmHg in males after 12 weeks and 220-230 mmHg in females (Fig. 2) . In contrast, the blood pressures of the WKY were 140-150 mmHg in males and females from 6-30 weeks of age, though slightly higher in males than in females.
The hematological values are shown in Table 1 . Erythrocytes were significantly higher at 16 and 30 weeks than at 8 weeks old in the males of each strain, and higher in SHR and SHRSP than in WKY rats at all time points. Hemoglobin and hematocrit were high at 16 weeks of age in the SHR and SHRSP, and tended to be low at 30 weeks in each strain except for the female WKY. Leukocytes decreased at 16 weeks of age, then slightly increased in all strains at 30 weeks, though they were lower in the SHRSP than WKY at 8 and 16 weeks. Thrombocytes decreased in the WKY at 16 and 30 weeks of age, and were lower in the SHR and SHRSP than the WKY at 8 and 16 weeks. Large individual variations were observed for each value in the SHRSP at 30 weeks of age.
The values of serum biochemical constituents are shown in Table 2 . Total protein and GOT increased at 16 and 30 weeks of age in all strains. The GPT did not change in any of the strains, except for high values of male SHR and SHRSP, because of large individual variations. The ALP decreased at 16 and 30 weeks in .0 ± 0.4 9.5 ± 0.3* 9.2 ± 0.6* 10.3 ± 0.3 10.0 ± 0.5 9.6 ± 0.3* (mg/dl) SHR 9.8 ± 0.6 9.5 ± 0.4 9.0 ± 0.4* 9.6 ± 0.7 # 9.6 ± 0.7 9.4 ± 0.6 SHRSP 10.3 ± 0.5 10.3 ± 0.3 # 11.2 ± 1.0* ,# 10.0 ± 0.4 # 10.8 ± 0.4* ,# 10.5 ± 0.8 # Phosphorus WKY 8.4 ± 0.7 5.7 ± 0.7* 5.6 ± 0.8* 8.0 ± 0.4 5.7 ± 0.7* 6.0 ± 1.1* (mg/dl) SHR 8.0 ± 0.7 # 6.3 ± 0.7* 5.9 ± 1.1* 7.8 ± 0.8 6.9 ± 0.8 # 6.0 ± 0.9* SHRSP 7.6 ± 0.5 # 5.9 ± 0.7* 7.9 ± 1.0 # 7.1 ± 0.6 # 6.8 ± 0. The values for the organ weights are shown in Table  3 , in which they are presented as the rate (× 10 -4 ) of body weights to compare strains and sexes, because the large strain and sex differences in body weights were seen at 16 and 30 weeks of age. Also, the weights of bilateral adrenal glands, kidneys, and testes/ovaries were combined because there were no significant differences between right and left sides. The brain weights decreased with aging, and were lower in males than in females in each strain, and significantly higher in the SHRSP than the WKY and SHR at 30 weeks of age. At autopsy, brain hemorrhage in the SHRSP was observed in 8 of 11 males and 10 of 12 females, and thereafter irregularities such as hollow portions and/or unevenness on the surface was found in all rats. Values for the heart decreased with aging in all strains except in male and female SHRSP at 30 weeks of age, and at each of the measured points, those of the SHRSP were significantly higher than in the other groups, followed by the SHR. The values for the lung and pancreas in the SHRSP were higher at 30 weeks old than those at 8 and 16 weeks, and also than the SHR and WKY at 30 weeks. Thymus values decreased with aging in all strains. Values for the liver, kidneys, adrenal glands, spleen, and digestive tract decreased in all strains with aging, and also were higher in the SHRSP than the WKY and SHR at 30 weeks. Values for the testes and ovaries decreased in all strains with aging. Values for the soleus were higher in the male and female SHR at all measured points.
Regarding the clinical features of the SHRSP strain which has blood pressure elevating with aging, the hair becomes bristly and dirty, and the temperament of the animals becomes nervous in response to stimulation such as sound and restraint compared with SHR and WKY. These findings may be related to the increase in weight of the adrenal glands. Nevertheless the body weight of the SHRSP continued to increase with aging, with the increases in the values for various organs such as the brain, heart, lung, liver, and spleen, suggesting the presence of alterations in these organs due to continuous hypertension over a long period. However, the almost complete lack of change in the levels of serum biochemical constituents such as GOT, GPT, and ALP indicates that the physiological functions of these organs may stay relatively normal. However, the increases in weight of the kidneys with elevations of BUN and creatinine may indicate the presence of functional damage and alterations. The high values of total and ionized calcium might be related to not only hypertension, but also osteoporosis, probably due to a release of calcium by parathyroid hormone against hypocalcemia caused by urinary high Ca excretion and low Ca absorption of the small intestine [2] [3] [4] . The values of various items in the SHRSP at 30 weeks of age varied with large individual differences, suggesting that the alterations in various organs, including the brain, might be progressing due to prolonged hypertension. Although the present study was carried out to obtain fundamental data for SHR, SHRSP, and WKY rats, further studies such as those involving pathological examinations will be necessary to clarify the features of these strains.
